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A. The Role of Tetralin i n  the  Pott-Broche Process 

n i t e s  a re  be t te r  hydrogen donors than t e t r a l i n ,  a donor which has Fee, employe!, 
since i ts  use in the Pott-Broche process ( 3 ) ,  as the coal chemists The 
be t t e r  hydro en donating a b i l i t i e s  of these various coals were tested toward several 
reactions (43, b u t  t h a t  used a s  the  model was the  reduction, i n  a closed tube a t  
400°, of benzophenone t o  diphenylmethane: 

I t  has recently been demonstrated ( 2 )  tha t  several bituminous coals and l i g -  

"standard. 

400° Ph2C=0 + coal __f Ph2CH2 + H z O  

These resu l t s  naturally r a i s e  the question of the  ro le  of t e t r a l i n ,  o r  of the  recycle 
o i l  used in i t s  place, during many o f  the  solvent-refined coal processes - particu- 
l a r l y  since the so l id  product o f  such processes often contains no more hydrogen than 
the original coal (5) .  Neavel ( 6 )  examined the l iquefaction of coal i n  t e t r a l i n  and 
other solvents, u s i n g  kinetic techniques, and found tha t  donor and nondonor solvents 
appear t o  be equally capable i n  dispersing the coal a f t e r  5 minutes a t  temperatures 
of 400-570°C. Upon prolonged heating i n  nondonor solvents,  the f ree  rad ica ls  which 
form i n  the coal a r e  thought t o  polymerize t o  higher molecular weight materials,  
whereas i n  the presence of t e t r a l i n ,  these rad ica ls  can be trapped by t r ans fe r  of 
hydrogen. 

In order t o  t e s t  some of these concepts we carried out several experiments w i t h  
carbon-14-labeled compounds. 
a t  400" f o r  one hour. 
of toluene and other products, b u t  t he  re i so la ted  bibenzyl had undergone ( t o  a small 
ex ten t )  an 
bibenzyl contained carbon-14: 

In one of these  bibenzyl and toluene-"C were heated 
There was intermolecular t r ans fe r  of hydrogen with formation 

exchange reaction with toluene as  shown by the f a c t  t ha t  the re i so la ted  

PhCHzCHzPh + P h e H 3  e PhCHZeH2Ph + PhCH3 

This exchange reaction must take place through a free-radical mechanism, possibly as  
follows: 

PhCHZCHzPh - 2 PhCHz. 
* * 

PhCHz. + PhCH3 __f PhCHzCHzPh + H e  

When the two components - bibenzyl and t o l ~ e n e - ' ~ C  - were heated i n  the presence of 
t e t r a l i n ,  however, there was no exchange between the two as shown by the f a c t  t h a t  
the  re i so la ted  bibenzyl was completely devoid of carbon-14. 
the ready a b i l i t y  of t e t r a l i n  t o  trap the benzyl rad ica ls  before they can reac t  w i t h  
toluene: 

The reason must l i e  i n  

PhCHz. + - PhCH3 + a 
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,I In several other reactions car r ied  o u t  with I l l i n o i s  No. 6 coal and labeled sub- 
s t r a t e  (e.g.  a-naphthol-a-'"C), the  mixtures were heated fo r  up  t o  one hour in 
closed tubes a t  400", and benzene was used a s  a vehicle t o  ease material t ransfer .  
To our surpr i se ,  s ign i f i can t  quant i t ies  of unlabeled biphenyl were discernible upon 
subsequent work-up. A1 though the  y ie lds  were not determined, su f f i c i en t  biphenyl 
was formed i n  one case t o  allow i t s  i so la t ion  and ident i f ica t ion  by nmr. Through 
some as ye t  unexplained mechanism, a phenyl radical must have been produced, which 
then reacted w i t h  another benzene molecule t o  form biphenyl: 

1 
1 

The presence of t e t r a l i n ,  however, i nh ib i t s  biphenyl formation. 

In an e f f o r t  t o  determine whether t e t r a l i n  does more than a c t  as a radical 
scavenger during Pott-Broche-1 i ke processes, we prepared tetralin-1- '"C (7 )  and 
heated i t  (1.933 g ,  15.82 Ci per mole) fo r  one hour w i t h  3.06 g of v i t r a in  (from 
I l l i no i s  No. 6 coa l ) .  The product was extracted with pyridine, and the residue was 
treated with THF, plus a mixture of nonradioactive t e t r a l i n  and naphthalene. 
residue s t i l l  contained carbon-14 which, on a t e t r a l i n  basis represents 2.6-2.8% by 
weight of the residue. 
representing 1.6% by weight of t h a t  f rac t ion  (on a t e t r a l i n  bas i s ) .  
tetralin- '"C appears t o  have undergone a chemical reaction w i t h  the  coal. 
previously reported (4 )  t ha t  t e t r a l i n  and I l l i n o i s  No. 6 coal when heated a t  400" 
y i e ld  a- and B-methylnaphthalenes, in which the  methyl groups undoubtedly have 
t h e i r  origin in the coal.  

The ro l e  of t e t r a l i n  during coal conversion, therefore,  i s  1 )  t o  ac t  as  a dis-  
persion vehicle;  2 )  t o  supply hydrogen rad ica ls ,  when needed, t o  t r ap  coal radicals,  
and 3)  in a very minor way t o  undergo intermolecular reaction w i t h  the coal through 
making and breaking of C-C (and possibly o ther )  bonds. 

The 

The pyridine soluble f rac t ion  a l so  contained carbon-14 
Thus the 

We have 

B.  Reductions of Coal 

Two chemical reactions f o r  so lubi l iz ing  coals have received much a t ten t ion  i n  
recent years,  these a re  1 )  the Friedel Crafts reaction (8-19) and 2 )  reductions, 
e i t h e r  with l i t h i u m  i n  su i tab le  solvents (20-26), or e l ec t ro ly t i ca l ly  with lithium 
s a l t s  in ethylenediamine (27-32). Part of the in t e re s t  in these reactions is  
undoubtedly due t o  the f a c t  t h a t  they can be car r ied  out a t  low temperatures. 

The chemical changes a f fec ted  during coal reductions a re  usually considered t o  
be breakage of e ther  and th ioe ther  linkages, a s  well as  reduction of aromatic 
nuclei .  Alkyl groups a re  not a f fec ted  (33).  
aromatic rings t o  cyc l i c  o le f ins  i s  well known. I t  was recently reported (35) tha t  
the use of NaK in mixed ethers a s  a coal reductant cleaves the alkyl l i n k i n g  groups 
(e.g. -CH*-CH2-) between aromatic moieties, and r e su l t s  in an increase in the number 
of methyl groups in the reduced product. Oxidation s tudies  (36, 37) have indicated 
a high frequency of ethylene connecting l inks i n  some b i t u m i n o u s  coa ls ,  a s  shown by 
the i so la t ion  of l a rge  quant i t ies  of succinic acid.  
reduction of three model compounds under the conditions reported (37) by Hombach and 
Niemann, u s i n g  glycol ethers as  the  solvent.  
methane, bi benzyl, and 1,3-diphenylpropane. Of the three compounds, diphenylmethane 
exhibited some, and bibenzyl exhibited considerable C-C s p l i t t i n g  in only 20 minutes, 
whereas 1,3-diphenylpropane was s t ab le  except f o r  t races  o f  toluene and ethylbenzene 
(when quenched w i t h  propanol-2). The r e su l t s  can be i l l u s t r a t ed  f o r  bibenzyl, which 
was added t o  the solution (37) of "solvated electrons." The mixture was s t i r r e d  f o r  
20 minutes ,  t h e n  '"CH31 was added t o  the reaction mixture, followed by water and 
then pentane. 
analyses w i t h  an apparatus f i t t e d  with a carbon-14 rad ioac t iv i ty  monitor (38). 

The Birch-Htickel reaction (34) of 

We therefore carried out the 

The compounds chosen were diphenyl- 

The pentane solution was washed, dried,  and subjected t o  g.c. 
The 

192 



r e su l t s  a r e  shown i n  Fig. 1 .  
column ( 3 9 )  and ident i f ied  through t h e i r  nmr spectra.  

and thereby lowering t h e i r  molecular weights, must now be added the  use of 
"solvated-electrons" f o r  breaking - C H z - C H z -  l inkages. 
of bibenzyl must be approximately as follows 

The products were separated on a preparative g.c. 

T h u s ,  t o  the methods previously employed fo r  breaking bonds in coal molecules 

The mechanism f o r  cleavage 

Toluene resu l t s  by donation of a proton t o  a benzyl carbanion from the  solvent: 
8 

PhCHz:  + H + --+ PhCH3 

The carbon-14-labeled ethylbenzene i s  formed by reaction of the benzyl carbanion 
with 14CH31: 

Q 
P h C H Z :  + 14CH31 - PhCHzl 'CH3 + I 

The other product, 1,2-diphenylpropane i s  formed in the conventional manner: 
e -H PhCH2CHzPh - PhCHZCHPh 

I 4 C H 3  

8 I 
PhCH2CHPh + l4CHJI ---+ PhCH2CHPh + I 
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F igu re  1 

( iC OF REACTION PRODUCTS 

5 

6 7  

1 pentane 

2 1,2-dimethoxyethane 

3 to1  uene 

4 e t h y l  benzene 

5 2,5,8,11-tetra-oxadodecane 

6 1,2-diphenylethane 

7 1,2-diphenylpropane 
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